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ABSTRACT 

T h i s  p a p e r  b r i e f l y  d e s c r i b e s  t h e  S o l a r  T e s t  Bed C o n c e n t r a t o r s  t h a t  E-Systems 
i n s t a l l e d  a t  Edwards Air F o r c e  Base n e a r  L a n c a s t e r ,  C a l i f o r n i a ,  f o r  JPL. It 
d e s c r i b e s  t h e  c h a r a c t e r i z a t i o n  work t h a t  h a s  been a c c o m p l i s h e d  on t h e  test 
u n i t s  t h u s  f a r  and p r o v i d e s  t h e  tes t  r e s u l t s .  The c h a r a c t e r i z a t i o n  d a t a  h a s  
been measured u s i n g  b o t h  a f l u x  mapper and a c o l d  w a t e r  c a l o r i m e t e r .  The f l u x  
mapper- u s e s  a K e n d a l l  Rad iomete r  a s  t h e  s e n s i n g  d e v i c e .  It is mounted on a n  
x ,  y ,  z motor -dr iven  p o s i t i o n i n g  mechanism t h a t  a l l o w s  t h e  s e n s o r  t o  t a k e  en 
x-y f l u x  r a s t e r  a t  s e v e r a l  Z p l a n e s  i n  t h e  v i c i n i t y  o f  t h e  c o n c e n t r a t o r s  
nomina l  f o c a l  p l a n e .  V a r i o u s  c o n c e p t s  were t r i e d  t o  p r o t e c t  t h e  c o n c e n t r a t c r  
s t r u c t u r e  f rom b e i n g  damaged by t h e  s u n ' s  e n e r g y  C u r i n g  s u n  a c q u i s i t i o n  and 
d e a c q u i s i t i o n .  A d e s c r i p t i o n  o f  b o t h  t h e  p a s s i v e  and a c t i v e  p r o t e c t i v e  
s y s t e m s  is p r e s e n t e d .  

INTRODUCTION 

P o i n t  F o c u s i n g  C o n c e n t r a t o r  evaluation is e v o l v i n g  a s  p a r t  o f  t h e  S o l a r  
Thermal Power Sys tems  (TPS) P r o j e c t  a s s i g n e d  t o  t h e  Jet  P r o p u l s i o n  L a b o r a t o r y  
( J P L ) .  The o b j e c t i v e  o f  t h e  C o n c e n t r a t o r  Development Task is t o  d e v e l o p ,  v i a  
c o n t r a c t s  w i t h  i n d u s t r y ,  t e c h n o l o g y  and d e s i g n s  t h a t  w i l l  r e s u l t  i n  
c o n c e n t r a t o r s  which a r e  c h a r a c t e r i z e d  by h i g h  kWth p e r  d o l l a r  o f  c o s t  f o r  
s o l a r  e n e r g y  i n t o  a c a v i t y  r e c e i v e r .  

PURPOSE 

The T e s t  Bed C o n c e n t r a t o r s  (TBCs) were deve loped  a s  an  e a r l y  t o o l  f o r  u s e  i n  
t h e  s o l a r  e n e r g y  deve lopment  program t o  p r o v i d e  a p r e c i s e ,  c o n s i s t e n t ,  and 
h i g h l y  r e l i a b l e  s o u r c e  o f  t h e r m a l  s o l a r  e n e r g y  f o r  t e s t i n g  a v a r i e t y  o f  
r e c e i v e r  a n d / o r  power c o n v e r s i o n  s u b s y s t e m s .  The TBC test d a t a  t o  d ~ t e  h a s  
s u b s t a n t i a t e d  t h a t  t h e  TBCs have  f u l l f i l l e d  t h e i r  d e s i g n  p u r p o s e  by p r o v i d i n g  
f l u x  d e n s i t i e s  w e l l  i n  e x c e s s  o f  t h o s e  r e q u i r e d  f o r  nominal  t e s t i n g  
s e q u e n c e s .  I n  f a c t ,  t h e  peak  f l u x e s  measured w i t h  t h e  i n i t i a l  m i r r o r  
a l i g n m e n t  have been p u r p o s e l y  reduced  by d e f o c u s i n g  a p a r t  o f  t h e  c e n t r a l  
m i r r o r  f a c e t s .  T h i s  was done i n  o r d e r  t o  min imize  t h e r m a l  damage t o  t h e  TBC 
r e c e i v e r  mount ing  s t r u c t u r e  and t h e  r e c e i v e r  components .  The d e f o c u s i n g  d i d  
n ~ t  s i g n i f i c a n t l y  r e d u c e  t h e  o v e r a l l  a v a i l a b l e  e n e r g y  even  though t h e  peak 
f l u x  is down a l m o s t  t h r e e f o l d .  

CONFIGURATION 

Two p a p e r s  d e s c r i b i n g  t h e  TBCs were p r e s e n t e d  a t  t h e  f i r s t  Annual  Review 
m e e t i n g .  I n  way o f  a b r i e f  r e v i e w ,  E-Systems h a s  i n s t a l l e d  two TBCs a t  t h e  

* The deve lopment  d e s c r i b e d  i n  t h i s  p a p e r  was c a r r i e d  o u t  a t  t h e  Je t  
P r o p u l s i o n  L a b o r a t o r y ,  C a l i f o r n i a  I n s t i t u t e  o f  Technology ,  and was 
s p o n s o r e d  by t h e  U.S. Department  o f  Energy t h r o u g h  a n  a g r e e m e n t  w i t h  NASA. 

** T e s t  Bed C o n c e n t r a t o r  T e c h n i c a l  Manager ,  S o l a r  TPS P r o j e c t  , Energy 
Technology E n g i n e e r i n g  S e c t i o n ,  Appl ied  Mechanics  D i v i s i o n .  



Parabolic Dish Test S i t e  (PDTS) located a t  Edwards Air Force Base near 
Lancaster, Cal i fornia .  These TBC dishes have a plan form diane ter  of 
nominally 11 meters, a re  parabolic i n  shape with a r e f l ec to r  having 224 
JPL-deve loped, rectangular shaped, second surface,  back s i l ve red ,  long rad ius ,  
spherical  contoured mirror: Each mirror f ace t  is indiv idua l ly  aligned. The 
concentrators a r e  of the Elevation over Azimuth t racking type with an azimuth 
wheel and track design and a jack scyew e leva t ion  design. The sun 
sensor/control loop keeps the concentrators pointed t o  within 0.050 of the 
sun 's  t rue  posi t ion.  

CHARACTER1 ZATION - 
The character izat ion process for  the TBCs was conducted i n  d i s c r e t e  s t e p s  t o  
minimize any theraa l  damage from the sun ' s  image and t o  provide the t e s t  team f 
with low leve l  so l a r  operat ional  experience. These s t e p s  consisted of 
uncovering the concentrator mirrors i n  f i ~ e  d i s c r e t e  groups. The process was 
addi t ive in  t ha t  the previously tested group of mirrors was not re-covered 
when the next group was uncovered. A complete s e t  of f lux mapping data was 
recorded using a Kendall Radiometer for  each s t e p  in  the mirror uncovering 
process. A s e t  of data included a minimum of three r a s t e r s .  Each r a s t e r  t 
consisted of 1056 d i sc re t e  data points.  For severa l  of the mirror 3 
configurat ions,  r a s t e r s  were taken one inch i n  f ront  of and behind the nominal 
focal  plane and then every two inches along the Z di rec t ion  the rea f t e r  
(concentrator a x i s ) .  Each r a s t e r  took approximately 45 minutes to  complete if 
everything performed smoothly and when t h i s  time is added to the TBCs'  sun 
acquisi t ion and normal operat ional  sequence t ime , one complete r a s t e r  consumed 
a t  l eas t  one and a half hours. An overal; view of the T B C s  w i t h  the f lux  
mapper i n s t a l l ed  on the r igh t  hand uni t  is shown i n  P ic ture  1. A close-up of 
the flux mapper from the outer end is shown in  Picture 2 and from the inner 
end is shown i n  Picture 3. 

INSULATION -- 
To preclude damaging the receiver mounting s t r u c t u r e  of the T B C s ,  during sun 
acquisi t ion and deacquisi t ton,  t h i s  area was covered with an insu la t ing  
material .  An aluminum oxi je  mater ial ,  FiberfraxR Hot Board, was chosen 
i n i t i a l l y .  T h i s  mater ial  ?as a melting point of 1260% (23000F). T h i s  
material  worked well on the ins ide  of the receiver  r ing  b u t  deter iorated very 
rapidly on the front  face of the r ing where i t  was normal t o  the sun ' s  image. 
As more and more mirrors wene uncovered, the ab la t ion  r a t e  of the ~ i b e r f r a x R  
went up rapidly. The Fiberl'raxR was supplemented in  the high heat area w i t h  
a pure Zirconia h e l ;  together w i t h  a Y t t r i a  binder. This mater ial  was f a r  
more expensive (by  an order of magnitude) but has a g rea t e r  melting 
tanperature of 2 5 ~ 3 %  (47000F). The ab la t ion  r a t e  of t h i s  material  was 
much l e s s ,  however, w i t h  the f u l l  224 mirrors the r a t e  was s t i l l  a problem 
because the molten mater ial  was dropping on the concentrator  n ' r ro r s  and 
causing damage. An ac t ive  water-cooled p l a t e  was i n s t a l l e d  in  the area where 
the sun spot t raverses  the receiver  r ing s t ruc tu re .  The p l a t e  was made of 114 
inch aluminum w i t h  a s ing le  pass water flow a t  a flow ra t e  ~f 11 to  15 
gals/minute. T h i s  p l a t e ,  i n  conjunction w i t h  the FiberfraxR used i n  the 
l e s s  c r i t i c a l  heat a reas ,  solved the thermal protect ion problems in  the TBCs .  

RESULTS 

The i n i t i a l  flux mapping r e su l t s  indicated tha t  the T B C s ,  w i t h  the i n i t i a l  
mirror alignment, where a l l  the mirror f ace t s  were focused on the center  of 
the target a t  the nominal focal  plane, produced a peak f lux of 1500 watts per 



square centimeter when the insolation was normalized to  1000 watts per square 
meter (see Figure 1). Flux densit ies of t h i s  magnitude produce almost 
instantaneous tebperatures i n  excess of 27600~ (50000~)  which muid 
severely damage most passive receiver aperture materia.1~. It should be noted 
from the figure that 982 of the energy is within a 20.3 cm ( 8  inch) diameter 
aperture. Flux mapper resul ts  a lso  indicated that  tht? majority of the peak 
flux was being produced by the center mirror section which totaled 68 facets. 
In addition to being nearly on axis ,  these 68 mirror facets  had focal lengths 
very close to the i r  geometric nominal requirement. It was concluded that  by 
readjusting these center mirror facets ,  the peak flux could be reduced, 
thereby reducing the possible thermal damage to the TBC structure and the 
receiver cavit ies.  During the second mirror alignment, a l l  the images from 
the  center 68 mirrors were centered on a fifty-one (51) millimeter (2 in.) 
diameter c i rc le  on the target  a t  the nominal focal plane. T h i s  produced a 
s l ight ly  reduced peak flux of appxwximately 1250 watts per square centimeter 
(see Figure 1). T h i s  was still too high for our i n i t i a l  test ing requirements 
so a t h i r d  mirror alignment was undertaken. The center mirrors were realigned 
so that  the i r  image was geometrically on the opposite side of the target  as 
compared to the i r  physical location on the d i s h .  Theit* images were centered 
on a one hundred two (102) millimeter ( 4  in . )  c i rc le  but across the center of 
the target.  T h i s  alignment change dras t ica l ly  reduced the peak flux down to  
the 550 watts per square centimeter range but kept the t o t a l  energy through 
the 20.3 cm (8 inch) aperture essential ly constant (see Figure 1). 

After the third mirror alignment, the flux mapper was operated a t  several "2" 
locations. The data from t h i s  t e s t  sequence indicated that  the actual focal 
plane is closer to the d i s h  surface than the nominal or geometric focal plane 
(see Figure 2 ) .  Th i s  difference is primarily a t t r ibutable  to  using a 
f ini te-distant  l ight  source to  al ign the mirror facets .  It is a lso  obvious 
that w i t h  the cross defocused mirrors, the sun's beam is highly converging 
diverging. Currently the technique for determining the flux on a receiver 
wall is to extrapolate the x-y plane data from several "ZW positions of the 
flux mapper, plotting constant flux l ines ,  and estimating where they w i l l  
intersect  s receiver. The development of a d i rect  flux receiver wall 
measurement device is being evaluated . 
The i n i t i a l  calorimeter resul ts  to date have established that  each 
concentrator w i l l  produce a maximum of 82 kWth w i t h  1000 watts per square 
meter of insolation through a 56 cm (22 inch) and a 25.4 cm (10 inch) diameter 
aperture, Picture 4 shows the calorimeter instal led on the TBC. The energy 
measurement data from the calorimeter w i l l  be measured as  a function of the 
various aperture sizes i n  future t e s t s .  The apertures w i l l  range from the 
to ta l ly  open sunl i t  end down to a 15.2 cm (6 i n .  diameter hole. 
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